The preparation of tetrakis -(phosphorus trichloride) Nickel(O), Ni(PCl3)4, by the direct action of phosphorus trichloride on nickel tetracarbonyl, has been previously described 2 ; the analogous compounds Ni(PF3)4 and Ni(PBr3)4 were prepared by the reaction of phosphorus trifluoride and phosphorus tribromide respectively with Ni(PCl3)4 3 . The relative stabilities of these compounds were in accord with the concept that vacant d-orbitals on the phosphorus atom must be used for the formation of multiple bonds by accepting electrons from filled 3 dorbitals of the central metal atom; when the availability of such orbitals on the ligands is increased by attadiment to the phosphorus of highly electronegative atoms such as fluorine, the stability of the complex is increased. Evidence along these lines has been obtained by C h a 11, who has discussed in some detail the role of the ligand as an acceptor system 4 . If acceptor properties of the ligands are thus one of the most important requirements for the complete substitution of carbon monoxide in nickel tetracarbonyl by a trivalent phosphorus compound, it might be expected that phosphorus tri-isocyanate and phosphorus tri-isothiocyanate would form stable complexes analogous to those formed by the phosphorus trihalides; such derivatives have been made.
Tetrakis{phosphorus tri-isocyanate) nickel(O)
Phosphorus tri -isocyanate was prepared by the reaction of silver cyanate and phosphorus trichloride 5 and was purified by distillation in vacuum. On addition of the compound to nickel tetracarbonyl, vigorous evolution of carbon monoxide occurred in the cold, as in the reaction of the carbonyl with phosphorus tri-chloride. The reaction was completed by warming on steam until evolution of gas ceased. On cooling, the yellow liquid product solidified. The product was crystallised several times from cyclohexane solution and the crystals dried in vacuum. The molecular weight, determined by the boiling point elevation method using benzene was 670 ± 30 (calculated 686.85). On heating, the compound begins to decompose at about 200° C, but is quite stable in dry air, although it is decomposed by light, turning yellow and then brown. Like Ni(PCl3)4 it is not readily wetted by water, and even in the presence of a wetting agent, it is only slowly hydrolysed; on warming with water, it reacts with effervescence. The compound is insoluble in petroleum and only moderately soluble in cold benzene, cyclohexane and carbon tetrachloride; it is soluble in alcohol and ether, and, unlike Ni(PCl3)4 and Ni(CO)4, it dissolves in carbon disulfide without reaction. With pyridine, partial replacement of phosphorus tri-isocyanate occurs giving yellow solids of composition Ni[P(NCO)3]3(C5H5N) and Ni[P(NCO)3]2(C5H.N)2. As is to be expected, the compound is diamagnetic, X = -280 ± 10 X 10" 6 cgsu.
Tetrakis -(phosphorus tri-isothiocyanate) nickel(O)
This compound was prepared by reacting nickel tetracarbonyl with an excess of phosphorus tri-isothiocyanate which was prepared by the reaction of silver thiocyanate with phosphorus trichloride 6 . During the reaction, particularly when the mixture was warmed, considerable polymerisation of the phosphorus tri-isothiocyanate occurred. Extraction of the solid residue by boiling benzene and crystallisation led to the separation of yellow cubic crystals, density 1.673. [Analysis: calculated for Ni[P(NCS)3]4 C 16. 40, P 14.10, S 43.80, Ni 6.68; found C 16.5, P 14.10, S 43.85, Ni 6 .65], The chemical properties of the compound resemble closely its isocyanate analogue; it is unaffected by cold water, nonoxidising acids and dilute alkalis, but is rapidly decomposed by warm solutions. It is soluble in benzene, carbon disulfide and chloroform, but is sparingly soluble or insoluble in petroleum, cyclohexane, ether, acetone and alcohol. Pyridine gives red-brown substitution products. It is thermally less stable than Ni[P(NCO)3]4 beginning to decompose about 115° C and melting with decomposition at 130 ± 2°C; light causes gradual darkening. The compound is diamagnetic, Z ^ol"-400 ± 20 X 10"« cgsu.
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